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ABSTRACT

Basically, this report deals with the problem of a “fishy” flavor in the meat of pigs, which sometimes
results when pigs are fed fishery products, such as fish meal, above a certain concentration in the diet.

In this study, pigs were fed diets containing fish oil to investigate specifically: (1) the effect, on
the taste of the meat, of feeding pigs fish oil, (2) the effect, on the taste of the meat, of withdrawing
the oil from the diet at given times, (3) the fatty acid composition of the various body tissues of the pigs,
and (4) the relation of composition to the taste of the meat.

The principal findings of the study were: (1) The amount of the fish oil @3 fatty acids fed and de-
posited was significantly positively correlated with the weighted organoleptic score* when the pigs were
fed the oil containing diets to a market weight of 90.9 kg. (2) Removal of the fish oil from the pigs’
diets when the pigs obtained body weight (of either 68.0 or 79.5 kg) resulted in a loss of the signifi-
cant positive correlation above. (3) Differences in the degree of unsaturation and in fatty acid comp-
osition were found among the oils in the tissues examined. (4) A signifiant positive correlation was
obtained between the quantity of the characteristic fatty acids (w3) of fish oil fed and the quantity de-

posited in three of the four tissues examined, the exception being the longissimus dorsi tissue,

Both the processors of fishery industrial prod-
ucts and the feed manufacturers who use the
products are sometimes confronted with the
problem of a fishy flavor in the carcasses of
animals fed diets in which these products are
included. TFish oil fed directly to the animals
or fed as a residual component of fish meal or
of fish solubles has been shown to produce an
off-flavor under certain conditions (Banks and
Hilditch, 1932; Hilditch and Williams, 1964).

Through practical research, the problem has
been partly solved by reducing the quantity (that
is, the percentage) of fish oil in the diet or by
eliminating the oil during an interval of time
before the animals are marketed (Frazer, Stot-
hart, and Gutteridge, 1934). This latter tech-
nique is not always effective, especially when
fairly high (8.25%) levels of fish oil have been
fed (Anglemier and Oldfield, 1957).
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Investigations to relate more specifically the
causal agents of the off flavor resulting from
the use of fish oil have led to the hypothesis
that the long-chain polyunsaturated fatty acids
of the Cyo-22 series commonly found in fish oil
are precursors of the flavor-producing compo-
nents (Banks and Hilditeh, 1932; Marion and
Woodroof, 1963; Miller, Gruger, Leong, and
Knobl, 1967). Investigations by the Animal
Nutrition Unit of the Bureau of Commercial
Fisheries (now the National Marine Fisheries
Service) Technological Laboratory, College
Park, Md., using chickens, have indicated that
a further partitioning of the Ca.22 fatty acid
series results in a positive correlation between
individual fatty acids of these series deposited
and the detection of the off-flavor (Miller et al.,
1967).

In a continuation of this line of investigation,
the work reported here was divided into four
experiments. Their purposes were to determine
the following information:

1. The relation between the menhaden-oil fat-
ty acid fed and the fatty acid pattern of tissue
samples (namely, those of the outer and the in-
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ner backfat, the longissimus dorsi muscle, and
the liver) of pigs fed various diets with and
without menhaden oil and for various intervals
of time before they are marketed.

2. The organoleptic effect of the different di-
etary levels of menhaden oil on the meat of the
pigs and the retention or disappearance of the
off-flavor by removal of menhaden oil from the
diet of the pigs when they reach a body weight
of 68.0 or 79.5 kg and are subsequently marketed
when they reach a weight of 90.9 kg.

3. The relation, if any, between the detection
of off-flavor and the pattern of fatty acid de-
position in the tissue samples.

4. The metabolic interrelation of fatty acids
of the various fatty acids of the omega families
(03, w6, w9).

RELATION BETWEEN MENHADEN OIL
FATTY ACIDS FED TO PIGS AND
DEPOSITIONAL PATTERNS OF THESE
FATTY ACIDS IN THE PIG TISSUES

Callow (19385, 1938) indicated that the rate
of deposition of fat in pigs is correlated with
the iodine number of the fat and that slower
growing pigs deposit a more unsaturated fat.
Accordingly, we felt that our experimental pigs
should be handled so that they would develop
uniformly, thus minimizing the variation in the
composition of depot fat resulting from differ-
ential rates of growth.
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The first part of this experiment was a gen-
eral study to monitor the uniformity of growth
of the pigs and of the development of their car-
casses. That is, we wanted to determine wheth-
er the diets fed and our treatment of the pigs
would result in any abnormalities that might
invalidate the specific findings in this first ex-
periment and in the other three experiments
to follow.

UNIFORMITY OF GROWTH OF PIGS AND
OF DEVELOPMENT OF CARCASSES
Uniformity of Growth

Described here are the diets, the allotment
and management of the pigs, and the statistical

- analyses used.

The diets were balanced on an equal-protein
and equal-calorie basis and were fortified to sup-
ply all the known nutrients required by pigs.
Crude menhaden fish oil that had been stabilized
with butylated hydroxy toluene® was added at
levels of 0.4% to 1.4%. The oil replaced var-
ious proportions of cerelose and Solka Flox® to
give isocaloric and isonitrogenous diets (Table
1). The diets were mixed in a ribbon-type mix-
er and were pelleted weekly through a 12-mm
die. Steam was not used in the pelleting pro-
cess. Table 2 shows the gas-liquid chromato-
graphic analyses of the oil and of the diets fed.

® Level of addition is trade secret,
* Trade names are used merely to simplify descrip-
tions; no endorsement is implied,

TaBLE 1.—Diet formulation used in experiment to determine the dietary level of menhaden oil that will impart off-
flavors to the meat of pigs.

Concemrahon of the ﬁiven ingredients
in the diet when the percentage

Ingredients of menhaden oil in the diet was:
0 | 0.4 06 | 08 | 1.0 12 14
G ] Go % %o Yo Y%
Fixed basal ingredients:
Corn US #2 X 67.0 67.0 67.0 67.0 67.0 67.0 67.0
Soybean oil meal ’ 20.3 203 20.3 20.3 20.3 20.3 203
Alfalfa teaf meal 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Dicalcium phosphate 20 2.0 2.0 20 2.0 2.0 2.0
Salt (trace mineral)? K] b 6 6 K b b
Vitamin mix1 2 2 2 2 2 2 2
Variable ingredients:
Cerelose 6.9 5.5 4.8 4.1 3.4 27 20
Cellulose - 1.0 1.5 2.0 2.5 3.0 3.5
Menhaden oil - 4 6 8 1.0 1.2 IR

1 Sufficient trace minerals and vitamins were present to meet the requirements of the National Research Council.
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TABLE 2.—Gas chromatographic analysis of methyl esters of the fatty acid components of the menhaden oil and

of the diets fed to pigs.

. Concentration of the given fatty aci
Fart %?nf}?:t;ci‘tlf: i(r’1 ‘t:ﬁe diet whgn.thegg:r_centc\g/eoélfd
aci fotty aod in menhaden oil in the diet was:
menhaden ail 0 0.4 0.6 —l 0.8 1.0 1.2 1.4
Yo Yo % % Yo Yo % %

114:0 5.96 017 1.03 1.42 1.62 1.98 2.05 2.51
14:1 _— 0.05 0.05 0.06 0.06 0.08 0.08 0.10
15:0 0.34 0.13 0.05 0.15 0.21 0.06 0.06 0.07

? Str 0.06 0.17 0.05 0.06 0.27 0.27 031
15:1 0.09 - tr fr tr tr tr tr
16:0 13.10 n.zz 13.15 13.59 13.26 14.10 13.46 14.85
216:1 w7 10.36 031 1.31 1.59 1.86 2.31 2.34 2.85
17:0 0.64 0.16 0.21 0.24 0.26 0.26 0.27 0.31

? - 0.11 tr tr te tr tr tr
16:2 - — — - - - - -
171 1.06 0.10 0.23 0.29 0.32 0.36 0.39 0.45

? 0.10 - 0.04 0.04 - 0.03 0.05 0.05
18:0 4.36 2.70 2.86 2.95 317 3.16 3.26 3.17
18:1 w9 27.59 27.45 24.97 24.06 23.57 22.90 22.63 20.44
19:0 1.45 0.10 0.27 035 0.42 0.43 0.48 0.58
18:2 wé 1.57 51.22 44.60 41.86 40.96 39.14 38.22 35.22

? 0.32 tr tr tr tr tr tr tr

? 0.24 0.1 0.13 0.14 0.18 012 0.16 017
20:0 0.31 0.78 0.78 075 0.81 0.65 0.68 0.69
18:3 w3 0.94 3.31 2.60 2.89 275 2.62 2.49 297
20:) 1.32 0.40 0.68 073 0.76 0.75 0.79 0.86
18:4 w3 2.89 - 0.50 0.65 0.76 0.84 0.94 1.1

? 0.37 0.07 0.17 0.19 0.24 0.21 0.27 0.30
20:2 w9 0.18 0.07 0.11 0.12 G.13 0.07 0.13 0.14
20:2 wé 0.06 tr tr tr tr tr tr 0.06
20:3 w9 0.13 tr 0.08 0.08 0.09 0.05 0.10 0.11
22:3 wé 0.05 tr tr 0.04 tr tr tr tr
20:4 wé 0.69 0.22 0.37 0.42 0.42 037 0.45 0.53
22:1 w2 0.30 tr 0.12 0.09 0.12 0.07 013 0.16
20:4 w3 1.25 0.08 0.29 0.34 0.41 0.42 0.52 0.59
20:5 w3 12.95 o.n 2.19 295 3.35 3.96 4.28 5.01

? — 0.23 0.40 0.26 0.34 0.15 0.28 0.40
24:0 0.09 - tr tr tr tr tr tr
22:4 wéb 0.59 0.29 0.53 0.47 0.48 0.46 0.54 0.57
22:5 w6 0.43 - tr 0.24 tr 0.26 0.46 0.45
22:5 &3 1.63 - 0.40 0.50 0.63 0.65 0.77 0.86
22:6 w3 8.47 . 1.71 2.49 2.76 3.29 3.44 414

1 1'14.0" means that the fatty acid has 14 carbon atoms per molecule and no unsaturated bond.
2 '16:1 7' meons that in the fatty acid the unsaturated bond occurs at the seventh bond from the terminal methyl group.

a "tr'’ means trace.

Seven Yorkshire gilts each weighing about
27.3 kg were allotted to each of the seven treat-
ment groups. Two of the seven pigs of each
menhaden-oil group were fed the appropriate
oil-containing diet until they attained a body
weight of 68.0 kg and then were fed the control
diet until they attained a body weight of 90.9
kg. Similarly, two additional pigs of each men-
haden-oil group were fed the appropriate oil-
containing diet to a body weight of 79.5 kg and
then also were fed the control diet to a body
weight of 90.9 kg. The remaining three pigs
were continuously fed the various test diets con-
taining menhaden oil until they each also at-
tained a body weight of 90.9 kg. Feed was

offered twice a day (for a maximum of 1 hr
per feeding) to the pigs in individual crate-
type pens. This interval of time was considered
to be adequate to permit the pigs to eat the same
total amount of food that they would have eaten
ad lib. Data on rates of gain and consumption
of feed were recorded weekly.

Data obtained on rates of gain and utiliza-
tion of feed were subjected to an analysis of
variance (Snedecor, 1956).

Table 3 presents the rates of gain, utilization
of feed, and quantity of oil consumed by the pigs
fed diets containing the various percentages of
menhaden oil.

Results of the analyses of variance for each
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TABLE 3.—Rates of gain, utilization of feed, and quantity of oil consumed by pigs fed diets containing
various percentages of menhaden oil.

Relative Average Ratio Mean quantity of oil consumed
of ‘r:nn;ﬁﬁz&en gz’l-’g' ?of ;‘:ﬁg by pigs to a body welght of:
oil in diet Mean D Mean sD 680ke | 795kg | 909 kg

% kg kg kg kg kg
0 0.63 0.065 3.45 0.136 0 0 0
0.4 .64 .065 3.26 105 0.52 0.62 0.85
0.6 .60 047 3.34 .093 0.85 0.96 1.30
0.8 64 045 3.47 095 1.03 132 1.90
1.0 .64 025 3.26 .080 1.20 1.48 2.16
1.2 .66 .068 3.28 100 1.53 1.78 2,70
14 .64 044 3.25 084 1.61 212 3.22

criterion of evaluation indicate that these cri-
teria did not differ significantly.

Development of Carcasses

The yield of lean cuts was obtained as an
accumulative value for the four commercial lean
cuts—namely, hams, loins, shoulders (picnics),
and Boston butts. Cross-sectional measure-
ments of the longissimus dorsi muscle of the
loin were obtained by cutting the loin at the
10th rib, tracing the muscle area onto paper,
and measuring the perimeter of the area by
means of a planimeter to convert the encom-
passed area to square centimeters. The thick-
ness of the backfat was based on an average of
three measurements taken at positions opposite
the first rib, the last rib, and the last lumbar
vertebra.

Table 4 presents the data on the dressing per-
centage, lean-cut percentage, longissimus dorsi
area, and backfat thickness obtained from pigs
fed the various diets containing menhaden oil.
The analyses of variance for each criterion of
evaluation indicate that no significant differ-
ences occurred among these factors that reveal
the growth reaction of the pigs to their diet.

Thus the pigs developed uniformly during the
feeding trials. Consequently any differences
that may be found in the fatty acid composition
of the tissues should be related to the oil in the
diet rather than to markedly different growth
of the pigs. :

RELATION OF DEPOSITIONAL PATTERNS
TO FATTY ACIDS IN OIL FED TO PIGS

In this section, we are concerned with the fol-
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lowing three subjects: (1) the differences
found in the degree of saturation both within
and among tissues, (2) the fatty acids identified,
and (3) the relations of the quantity of fatty
acids fed to the quantity deposited in the var-
ious tissues.

Differences Found in Degree of Saturation Both
Within and Among Tissues

Described here are (1) the tissue samples
used, (2) the extraction of lipids, (3) the prep-
aration of methyl esters, and (4) the quantita-
tive gas-liquid-chromatographic technique.

Samples were taken from the outer and the
inner backfat tissue, the longissimus dorsi, and
the liver in the following manner. From each
animal, a sample of backfat was obtained dor-
sally to the 10th to 12th ribs. This sample was
then divided into the “outer” and “inner” fat
layers. Samples of the muscle were taken from
the eye of the longissimus dorsi at the 10th rib.
Samples of the liver were taken from the right
central lobe. All samples were placed in vials,
protected with nitrogen, and held at —20° C
until the lipids were extracted from them.

The lipids were extracted from the samples
by the homogenization of the tissue in a mechan-
ical blender with a 2:1 mixture of chloroform
and methanol for 2 min. The solvent mixture
was added in the proportion of 5 ml of mixture
to 1 g of sample. The slurry was filtered through
a Buchner funnel, and the filter paper and the
nonfilterable portion were re-extracted for an-
other 2-min period. The filtrate was evaporated
in a rotary vacuum evaporator over a'60° C wa-
ter bath. The dried sample was redissolved in
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TABLE 4.—Dressing percentage, lean-cut percentage, longissimus dorsi area, and backfat thickness obtained from

EFFECT OF DIETARY FISH OIL

pigs fed various diets containing menhaden oil.

Relative Relative yield of: Longiviimus Backfat
of ?nrggﬁg:ien Dressing Lean cuts! N dorsy area L thickness
oil in diet Mean I sD Mean l SD Mean SD Mean sSD

Yo %% Yo To Yo cm? em? om cm
0 83.8 +23 38.9 *24 32,39 +5.78 3.56 =+0.62
0.4 83.4 *1.23 40.2 =+1.68 33.68 *+4.83 3.30 *+ .45
0.6 82.0 =1.89 39.6 *1.07 31.87 +3.68 3.1 =19
08 83.1 +1.06 39.4 132 3078 +5.08 3.61 = 29
1.0 82.7 *1.62 40.1 +0.88 32.78 724,39 3.30 = 27
1.2 82.0 +2.21 38.3 +2.14 31.74 +4.00 3.53 + 62
1.4 82.1 *+1.86 38.1 =+1.61 30.91 +519 3.65 = .40

1 Caleulated as the sum of weights of Boston butts, shoulder, loin and ham,

petroleum ether (30° to 60° C boiling point),
poured into a separatory funnel, and washed
twice with a 20¢¢ solution of NaCl. The layer
of petroleum ether was evaporated in the rotary
evaporator, and the extracted fat was trans-
ferred to containers in which it was protected
by nitrogen and was stored at —20° C until
methyl esters were prepared from it for analysis.

The methyl esters of the fatty acids were pre-
pared as follows:

Five ml of anhydrous methanol and about 50
mg of freshly cut and shiny sodium were placed
into a small test tube. After the sodium had
reacted, six to eight drops of the extracted oil
were added and heated to reflux on a steam bath
for 2 min with agitation. The end point of the
reaction was signaled when the solution became
clear.

The reaction solution was quenched with 5 ml
of distilled water and was transferred to a sep-
aratory funnel. The mixture was extracted with
two 10-ml portions of petroleum ether (30° to
60° C boiling point). The final water layer was
discarded, and the two petroleum ether extracts
were combined. The petroleum ether solution
was washed with 10 m! of 5% aqueous HCI so-
lution. The acid wash was followed by succes-
sive washes with 15-ml and 10-ml aliquots of
207 NaCl solution. The washing was com-
pleted when pH paper tested neutral.

The ethereal solution of methyl esters was
dried over 3 g of anhydrous Na.SOQ., filtered,
and evaporated over a 60° C water bath, using
a4 vacuum rotary evaporator.

To check for purity, we made a thin-layer

as a percentage of weight of dressed carcass.

chromatogram of the ester solution using silicic
acid paper. Methyl myristate was used as the
control. A solution of 90 parts petroleum ether,
10 parts ethyl ether, and 1 part formic acid was
used to elute the esters. The chromatogram was
developed in iodine vapor.

Methyl esters of pure fatty acids were used
as reference standards for the Cs-»; saturated
acids, Cis 20 monoenoic acids, plus linoleic, lino-
lenic, arachidonie, eicosapentaenoie, and docosa-
hexaenoic acids. Also concentrates of 16:2, 16: 3,
16:4, and 18:4 methyl esters that were obtained
by fractional distillation and urea-inclusion com-
pound fractionalization were used as reference
standards.”  As a secondary reference mixture,
methyl esters from whole menhaden oil were also
analyzed. From a plot of the logarithms of the
retention times (relative to stearate) versus the
number of carbon atoms, nearly linear relations
were observed for homologous series (Farquhar,
Insull, Rosen, Stoffel, and Ahrens, 1959). Iden-
tifications were further verified by applying the
graphical method of James (1960) for analyses
on columns packed with diethylene glycol sucei-
nate polvester and Apiezon L. These plots pro-
vided the necessary reference data for identifi-
cation of the various tissue lipids analyzed.’

" The staff of the National Marine Fisheries Service
Technological Laboratory, Seattle, Wash., made the
fractional distillations and urea-inclusion compound frac-
tionations,

" The fatty acids of the oil fed and of the animal
tissues were identified initially in collaboration with the
staff of the National Marine Fisheries Service Techno-
logical Laboratory, Seattle, Wash,
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Methyl esters of fatty acids taken from the
various tissues were analyzed with an F&M Bio-
medical Model 400 gas chromatograph. The in-
strument was equipped with a hydrogen flame
detector. The column used was composed of 4.0-
mm ID by 243.8-cm Pyrex glass containing 5.0¢¢
(by weight) of diethylene glycol succinate poly-
ester (DEGS from Wilkens Instrument and Re-
search Inc.) supported on 80- to 90-mesh acid-
base washed and siliconized flux-calcinated

diatomaceous earth (Anakron ABS). The op-
erating conditions were as follows: column

temperature, 165° C; flash-heater temperature,
285° C; detector temperature, 200° C; and in-
itial attenuation that corresponds to 10 to 14

FISHERY BULLETIN: VOL. 69, NO. 2

amp full-scale deflection. The inlet pressure
of the column measured 40 psi of helium, the
flow measured 53 ml per min at the outlet of
the column. The size of the injected sample was
about 0.12 uliter.

The area-percent method was used to deter-
mine the corresponding peak areas of the curves
obtained from the gas-liquid chromatographic
recorder. The fatty acid composition (in aver-
age percentage) of each sample was calculated
by multiplying peak height by retention time
and then multiplying this product by 100 and
dividing by the total area.

Certain differences were obtained in the total
degree of saturation and quantity of specific

TABLE 5.—Summary of gas-liquid chromatographic analyses indicating comparative degree of unsaturation and
quantity of selected fatty acids within and among the tissues obtained from pigs fed either 0% or 1.4% dietary

menhaden oil.

Concentration of the various fatty acids in the various tissues
when the relative amount of menhaden oil in the diets was:

0% 1.4%
id
Type of fatty aci Backfor —
Inner Outer Longissimus Liver Inner Outer Longissimus Liver
tissve tissue dorst tissue tissue tissue Fissve o Liver
[ —
% % % % o % o o
Saturated fatty acids 34.56 28.37 33.74 34.63 35.42 28.77 13.05 34.66
Unsaturated fotty acids £65.44 71.63 62.82 65.37 64.58 7123 e P
Unsa'u‘rcfed b(');d in
th fty acids:
o ,Y 47 68 4903 39.38 17.53 47.17 46.16 45.96 15.44
2 16.35 20.49 14.40 16.85 17.39 20.75 11.46 17.43
3 0.93 1.40 1.37 235 1.40 1.73 s o
4 0.40 0.72 4.95 19.08 0.84 0.88 3.27 12.80
5 0.19 0.27 203 2.96 0.80 1.53 217 8.52
6 003 0.05 0.69 226 0.40 0.50 0.62 o1
Equivalent degree of
ynsaturation in the
fatty c]cldS: 47.68 49.03 39.38 17.53 47.17 4616 4596 1544
2 32.70 40.98 28.80 33.70 3478 50 e 1544
3 2.79 4.20 40 7.05 4.20 5.19 3.45 S 55
4 1.60 2.88 19.80 7632 336 3.52 13.08 51.20
5 0.95 1.35 10.15 14.£0 4.00 7.65 1085 o
6 0.18 0.30 404 135 240 300 988 260
Total 85.90 98.74 106.38 162.96 95.91 107.02 99.98 %1“7?‘8‘,‘3] -
Individually selected
f‘:”';léf’()c'dS= 19.90 18.49 21.78 13.04 20.39 18.64 19.62 12.80
180 12.18 7.78 9.24 1937 12.49 8.08 ot 1280
18:1 &9 43.67 44.94 3433 15.86 40.52 42.04 06 1257
182 w6 15.07 18.99 13.24 15.27 16.18 19.40 1047 il
18:3 3 0.74 1.18 0.59 0.44 1.02 1.37 0.52 byl
18:4 <6 0.34 0.49 2.44 18.29 0.32 0.41 o 087
20:4 3 0.06 0.08 2.42 0.49 0.20 031 Vel 218
20.5 o3 009 013 098 0.51 027 052 ! 034
22.5 3 0.10 0.14 1.05 2.45 0.53 1.01 104 e
22;6 w3 0.03 0.05 0.69 2.26 0.40 0.50 0.62 811

e T T T T e —
_;\loie The equivalent degree of unsaturation in the fatty acids was obtained by multiplying the number of do
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fatty acids found within and among the tissues
examined. All the fatty acids that were identi-
fied will be discussed in the next section. For
illustrative purposes, Table 5 presents selected
results obtained with the various tissues. The
outer backfat had the lowest total concentration
of saturated fatty acids of all the tissues, regard-
less of whether the diet contained menhaden
oil or did not contain it. The remaining tissues
(inner backfat, liver, and longissimus dorsi)
were all higher than the outer backfat and did
not differ markedly from each other in the total
concentration of saturated fatty acids.

The difference in degree of saturation when
confined to comparisons between the inner and
outer backfat is in agreement with reports by
Banks and Hilditeh (1982) -and Sink, Watkins,
Ziegler, and Miller (1964). The simple ratio
of the total quantity of saturated to unsaturated
fatty acids, however, does not describe the true
character of the unsaturated fatty acids found
within the tissues or among them.

An examination of the quantity of unsatura-
tion on the basis of the number of double bonds
and the relative quantities of the corresponding
fatty acid groups indicates marked differences
among the tissues.

Both the longissimus dovsi tissue and the liver
tissue contain markedly less fatty acids with one
unsaturated bond than do either of the back-
fat tissues, regardless of the dietary treatment.
This difference no doubt is reflected by the 18:1
w9 content.

The concentration of fatty acids with two un-
saturated bonds in the outer backfat tissue is
higher than that in the remaining tissues and
apparently indicates a differential concentration
of 18:2 w6. >

The difference most evident among the tis-
sues with respect to the fatty acids with three
unsaturated bonds is the higher concentration
found in the liver tissue.

Both the longissimus dorsi and the liver tissue
contained considerably more of the four-unsatu-
rated-bond fatty acids than did the backfat tis-
sues, 'I_‘he liver, in turn, contained about four
times the concentration found in the longissimus
dorsi, Incorporating menhaden oil into the diet

lowered the magnitude of these differences
among the tissues.

" The relative differences among the tissues in
the case of the longissimus dorsi tissue reflect
about equal quantities of the isomerie fatty acids
20:4 w6 and 20:4 w3. The concentration of the
fatty acids with four unsaturated bonds in the
liver tissue is due primarily to the 20:4 w6 iso-
mer; only small concentrations of the 20:4 w3
isomer were found.

Similarly, the concentration of fatty acids
with five and six unsaturated bonds in the lon-
gissimus dorsi and liver tissues was markedly
higher than in the backfat tissues. The incor-
poration of menhaden oil into the diet resulted
in increased concentrations of these fatty acids
in all tissues, although the differences among
tissues were of the same magnitude as the dif-
ferences occurring in the absence of the men-
haden oil, The variable concentrations of the
fatty acids with five and six unsaturated bonds,
owing to treatment differences, reflect differ- -
ences in the quantities of 20:5 3, 22:5 w3, and
22:6 w3 fatty acids.

On the basis of the equivalent degree of un-
saturation obtained by the multiplication of the
number of unsaturated bonds by the quantity of

‘fatty acids of that category, the relative degree

of unsaturation of the four tissues is: inner
backfat, 85.9; outer backfat, 98.7; longissimus
dorsi, 106.4; and liver, 164.0. The incorporation
of menhaden oil did not change the relative dif-
ferences among tissues, but it did result in a
treatment difference. The relative degree of
unsaturation among the treatments was of the
magnitude of 10 to 30 units greater for all tis-
sues except the longissimus dorsi.

Thus, these results generally conform with
those previously reported that various tissues
differ in fatty acid composition (Brown and
Deck, 1930; Banks and Hilditch, 1982; Sink
et al.,, 1964) and that dietary oils alter this fatty
acid pattern and degree of unsaturation of the
animal tissues of monogastric animals (Elis
and Isbell, 1926a, 1926b; Ellis and Zeller, 1930;
Ellis, Rothwell, and Pool, 1931; Bhattacharya
and Hilditch, 1931; Hilditch and Pedelty, 1940).
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Fatty Acids Identified

Table 6 reports the fatty acids identified by
the method of gas-liquid chromatographic anal-
ysis described in the preceding section,

TABLE 6.—Fatty acids identified in pig tissues.

Presence or absence of the fatty acid in:
Fafty acid Backfat Longissimus | Liver
Inner tissue |Outer tissue dorsi tissue tissue

22:6 w3
22:5 «3
20:5 «3
20:4 3
18:4 «:3
18:3 3

22:5 wé
22:4 w6
20:4 w6
20:2 wé
18:2 w6

21:1 w9
20:2 w9
20:1 o9
18:1 &9

22:1 ()
20:3 (7
16:2
16:1 w7
15:1
14:1

20:0
19:0
18:0
17:0
16:0
15:0
14.0
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Twenty-eight fatty acids were identified in
the liver tissue, whereas a lesser number was
identified in the three other tissues (inner and
outer backfat and longissimus dorsi). The fatty
acids identified included those reported by Sink
et al. (1964) plus unsaturated 18, 20, 22 carbon
fatty acids of three of the fatty acid families
—w3, w6, and w9—according to current classi-
fication (Mohrhauer and Holman, 1963a).

With respect to the two backfat tissues, the
acids found in addition to those reported by
Sink et al. (1964) are as follows: 15:1, 16:2.
20:1 9, 18:4 w3, 20:2 w9, 20:3, 20:4 w3,
20:5 w3, 22:4 w6, and 22:5 w3. The liver
and longissimus dorsi tissue also contained
20:2 w6, 21:1 w9, 22:1, 22:5 wb, and 22:6 w3.
Hill (1966) reported, however, the presence of
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most of these fatty acids in various tissues of
miniature pigs with the exception of 20:4 w3,
which we found in our pigs. All of these fatty
acids, except 20:4 w3, have also been noted in
rat tissue (Mohrhauer and Holman, 1963a,
1963b, 1963¢), and all of them including 20:4 w3,
have also been noted in chick tissue (Miller et
al., 1967), in fish tissues and in seal tissue
(Ackman, Burgher, and Jangaard, 1963; Ack-
man, Jangaard, Hoyle, and Brockerhoff, 1964).

The relation of the fatty acids fed (X) to
those deposited in the various tissues (Y) was
established by correlation and polynomial re-
gression analyses. A polynomial regression
computer program prepared by the Biomedical
Division of the University of California, Los
Angeles, was used. The extent of analysis of
the data was limited to the fourth polynomial
degree. Regression coefficients, standard errors
of regression, correlation coefficients, analyses
of variance, and data plots (predicted and ob-
served) were obtained.

Correlation and polynomial regression anal-
yses of the gas-liquid chromatographic data
presented in Tables 7 to 10 indicate that the
marine-type polyunsaturated fatty acids of the
linolenic acid (w3) family were deposited in all
four tissues examined.

In general, a significant positive correlation
was obtained between the quantity of the w3
fatty acids fed and the quantity deposited in
the various tissues. This relation was not ob-
tained, however, with the longissimus dorsi tis-
sue. The only explanation we have is that the
reaction caused by difficulties in the extraction
of the fatty acids and their subsequent sepa-
ration masked any pattern.

Definite relations between the amounts of
most of the w3 fatty acids fed to pigs and the
amounts deposited were found in the liver tis-
sues and in the inner backfat tissues and the
outer ones.

Specifically, the quantity of two of the men-
haden oil fatty acids (22:5 w3, and 22:6 w3)
found in the liver was positively correlated
(0.019% ) with the quantity of oil fed to the pigs
until they were of market weight (90.9 kg). The
correlation for 20:5 w3 approached significance.
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TABLE 7.—Liver tissue: concentration of fatty acids found in liver tissue and correlation to quantity of various
fatty acids fed for various time intervals.

}(lioncehmraﬁon of foﬂy; ccidhindliver |7issueh
Pig when the percentage of menhaden oil in the . Kind of
FGY'! weight c?ief was: Corre!a_flon re '?essioon
aci group coefficient gline
0 04 [ o6 T o8 [ a0 [ 12 T 14
Keg @ — Area percent of fatty acid — — — — e — — —
22:6 w3 90.9 2.25 5.70 7.88 7.72 8.40 8.90 7.49 0.69** Quadratic
79.5 2.25 4.65 4.98 5.1 6.25 5.82 7.43 0.70** Linear
48.0 2.25 430 470 4.33 5.69 5.54 512 0.65* Linear
22:5 w3 90.9 2.55 3.66 4.42 4.48 5.12 5.7 4.85 0.78** Quadratic
79.5 2.55 2.94 3.59 3.47 4.00 3.73 4.05 0.56* Linear
68.0 2.55 2.70 4.64 3.75 3.70 3.93 4.11 0.59% Linear
20:5 «3 90.9 0.56 3.55 6.23 6.52 8.11 8.46 8.14 0.89** Quadratic
79.5 0.56 1.57 2,07 1.96 3.33 2.30 2.20 0.50 .
68.0 0.56 1.00 1.25 1.65 2,12 3.49 2.20 0.67* Linear
20:4-w3 90.9 0.39 0.71 0.54 0.50 0.56 0.43 0.44 —0.21 -
79.5 0.39 1.45 0.75 0.50 0.60 0.69 0.29 —0.42 -
48.0 0.39 0.58 o.n 0.67 0.71 0.54 0.89 0.39 —
18:4 w3 90.9 0.08 0.1 0.05 0.08 0.09 0.12 0.07 0.00 -—
79.5 0.08 0.26 0.05 0.07 0.04 0.06 0.06 —0.29 -
68.0 0.08 0.07 0.05 0.08 0.06 0.10 0.09 0.33 —
18:3 w3 90.9 0.47 0.67 0.59 0.66 0.73 0.94 0.66 0.26 -
79.5 0.47 0.77 0.89 0.54 0.56 0.51 0.48 —0.39 -
68.0 0.47 0.52 0.45 0.57 0.50 0.39 0.59 0.12 -
22:5 w6 90.9 0.24 0.05 0.06 0.05 0.12 0.1 0.03 —0.27 -
79.5 0.24 0.23 0.10 0.05 0.17 0.16 0.00 —0.60* Linear
68.0 0.24 0.17 0.10 0.10 0.09 0.14 0.03 —0.83** Linear
22:4 wb 90.9 1.21 0.43 0.28 0.33 0.29 0.33 0.21 —0.65%* Cubic
79.5 1.2t 0.53 0.34 0.45 0.47 0.48 0.40 —0.63* Cubic
68.0 1.21 0.74 0.74 0.64 0.58 0.53 0.63 —0.69* Linear
20:4 w6 90.9 18.58 12.37 11.53 10.50 8.82 8.84 9.69 —0.70** Quadratic
79.5 18.58 1523 14.48 14.65 15.12 14.99 12.84 —0.19 -
68.0 18.58 17.93 16.95 15.98 16.06 16.66 13.92 —0.74** Linear
20:2 w6 90.9 0.52 0.19 0.18 0.20 0.14 0.17 0.17 —0.52* Cubic
79.5 0.52 0.43 0.50 0.46 0.26 0.40 0.36 —0.34 -
68.0 0.52 0.20 0.40 0.23 0.40 0.48 0.38 0.13 -
18:2 w6 90.9 15.87 17.03 16.17 16.32 15.95 15.93 15.79 -—0.33 —
79.5 15.87 14.28 15.69 16.00 17.05 1593 15.40 0.16 -
68.0 15.87 16.78 16.27 16.10 16.39 14.48 16.41 —0.12 -
21:1 w9 90.9 0.27 0.31 0.13 0.15 0.15 0.5 0.14 —0.59** Linear
79.5 027 0.52 0.45 0.30 0.13 0.25 0.20 —0.40 -
68.0 0.27 0.42 0.22 0.28 0.29 0.27 0.18 —0.47 -
20:2 o9 90.9 0.82 0.54 0.60 0.54 0.59 0.58 0.54 —0.12 —
79.5 0.82 1.29 0.78 0.68 0.44 0.63 0.52 —0.48 —
68.0 0.82 0.42 0.59 0.56 1.25 0.59 1.05 0.52 —
20:1 w9 90.9 0.28 0.24 0.19 0.30 0.20 0.23 017 —0.22 —
79.5 0.28 0.44 0.41 0.26 0.20 0.21 0.22 —0.38 —
68.0 0.28 0.22 0.27 0.25 0.22 0.23 0.25 —0.28 -
18:1 w9 90.9 16.61 15.28 13.16 14.80 13.56 14.91 1417 —0.09 —
79.5 16.61 16.49 18.55 16.18 12.67 13.33 13.56 —0.49 -
68.0 16.61 15.64 15.55 16.09 14.59 9.68 12.99 —0.54 —
* P <05 ** P <0l

Polynomial regression andlyses of these data in-
dicate that the incorporation pattern of the fatty
acids (20:5 w3, 22:5 w3, 22:6 w3) was quad-
ratic, with the rate of deposition being greater
at the lower levels in the diet. Removal of men-

haden oil from the diet of the pigs at the two
body weights, 68.0 or 79.5 kg, did not alter this
pattern markedly. The principal changes were
a reduction in the relative degree of significant
response (0.01% to 0.05% ) and an alteration
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TABLE 8.—Inner backfat tissue:

FISHERY BULLETIN: VOL. 69, NO. 2

of various fatty acids fed for various time intervals.

concentration of fatty acids found in backfat tissue and correlation to quantity

fConcemrmilr?n ofh ﬁ;w acid in i?ner back- —
Pi i t + had ’
Fatty weight e e i the dier was o hocen Correlation Kind of
acid group coefficient regression
0 J 0.4 0.6 0.8 [ R 14 line
K¢ - = —— == = o — —  Area percent of fatty acid — — — —
22:6 w3 90.9 G 0.13 0.28 0.29 0.54 0.49 0.48 0.76%* L
79.5 o 0.19 0.21 0.51 0.37 0.31 0.40 0.56* L."°°’
68.0 0 0.09 0.15 0.20 1.06 0.28 0.31 0.49 ineor
22.5 w3 90.9 0.10 0.35 0.48 0.54 0.96 0.73 0.88 0.77%% Linear
79.5 0.10 0.25 0.46 0.28 0.60 0.23 0.19 —0.01 o
68.0 0.10 0.18 0.20 0.39 0.24 0.54 0.51 0.71%% Linear
20:5 «:3 90.9 0.07 0.12 0.18 0.29 0.44 0.41 0.39 0.71%% Linear
79.5 0.07 0.08 0.17 0.20 0.27 0.16 022 0.55% Linoar
68.0 0.07 0.04 0.1 0.12 0.12 033 0.19 0.71%* Linear
20:4 w3 90.9 0.06 0.15 0.17 0.24 0.34 0.26 0.29 0.72%* Linear
79.5 0.06 0.11 0.14 0.23 0.34 0.19 0.17 0.43
68.0 0.06 0.06 0.10 0.19 0.1 0.14 0.14 0.89%* Linear
18:4 w3 90.9 0.06 0.10 0.13 0.13 0.18 0.16 0.18 0.70%* U
79.5 0.06 0.10 0.11 0.1 0.17 0.06 0.12 0.15 neer
68.0 0.06 0.06 0.04 0.08 0.10 0.15 0.30 0.54 -
18:3 w3 90.9 0.74 0.82 0.89 0.94 1.04 1.02 1.10 0.52* ¥
79.5 0.74 0.72 0.88 0.92 1.08 0.77 0.82 0417 fnear
68.0 0.74 0.86 0.80 0.77 1.03 0.71 115 0.52 -
22.5 w6 90.9
79.5 Not identified
68.0 - --
22:4 w6 90.9
79.5 Not identified
68.0 -~ -
20:4 w6 90.9 0.34 0.33 0.33 0.29 0.39 0.44 033 0.03
79.5 0.34 0.28 0.35 0.38 0.34 0.32 033 0.09 -
68.0 0.34 0.36 0.30 0.34 0.34 0.32 0.28 —0.60% =
- Linear
20:2 w6 90.9
79.5 Not identified
68.0 - -
18:2 w6 90.9 15.07 15.53 15.45 15.25 17.51 16.30 17.38 0.41
79.5 15.07 13.15 15.43 16.46 17.97 15.16 14.06 0.10 -
68.0 15.07 17.45 16.70 14.69 17.48 13.12 17.09 —oo -
* P <05 *p <0l — T

in the patterns of incorporation of these fatty
acids (quadratic to linear).

No statistical relation was found for the re-
maining three fatty acids (18:3 w3, 18:4 3,
and 20:4 w3).

Results of statistical analyses of the data ob-
tained with the inner backfat tissue and the
outer backfat tissue, however, indicate that all
six of the fatty acids of the »3 family are de-
posited in the tissue in proportion to the quantity
consumed by the pigs. When menhaden oil was
fed to the pigs until they attained a body weight
of 90.9 kg, a highly significant positive correla-
tion was obtained for all six w3 fatty acids.
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Removipg the oil from the diet of the pigs when
they'welghed 79.5 kg changed the patterﬁ slight-
ly w1th respect to the outer backfat tissue. The
qqantlty of 18:4 w3 fed was no longer correlated
with the amount deposited, Removal of the oil
when the pigs weighed 68.0 kg resulted in
only three of the @3 fatty acids (20:5 o3
22:5 w3, and 22:6 »3) being correlated. ,

Similarly with respect to inner backfat tis-
sue, removal of the menhaden oil when the pigs
weighed either 68.0 or 79.5 kg resulted in the
quantity of certain of the w3 fatty acids fed no
longer being correlated with the quantity de-
posited.  Polynomial regression analyses of
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TABLE 9.—Outer backfat tissue:

concentration of fatty acids found in outer backfat tissue and correlation to

quantity of various fatty acids fed for various time intervals.

fConcenrraﬁ'::n o\;‘ fatty acid in ofu'er t;]acé(- S o
Pig al tissue when the percentage of menhaden . Kind of
Fm.? weight oil in the diet was: Corre!qnon re l?essioon
aci oroup coefficient gline
o [ o4 o6 [ o8 [ o [ 12 [ 14
Ke ce e s - o — — Area percent of falty acid - — e o — — L —
22:6 o3 90.9 0.04 0.23 0.37 0.47 0.59 0.69 0.58 0.85** Linear
79.5 0.04 0.25 0.24 0.35 0.63 0.30 0.49 0.58* Linear
68.0 0.04 0.20 026 0.16 0.34 0.33 0.43 0.74** Linear
22:5 «3 90.9 0.14 0.54 0.52 0.85 1.01 1.06 1.14 0.89** Linear
79.5 0.14 0.52 0.52 0.66 0.85 0.78 1.04 0.85%* Linear
68.0 0.14 0.36 0.19 0.63 0.72 0.59 0.85 .84 Linear
20:5 w3 90.9 0.13 0.19 0.24 0.40 0.49 0.56 0.68 0.89** Lineor
79.5 0.13 0.13 0.21 0.30 0.40 0.28 0.57 0.79** Linear
68.0 0.13 0.17 0.20 0.17 0.28 0.24 0.33 0.74** Linear
20:4 3 90.9 0.08 0.14 0.15 0.28 0.33 0.27 0.38 0.76%* Linear
79.5 0.08 0.10 0.13 0.20 0.23 0.23 0.37 0.84** Linear
68.0 0.08 0.10 0.12 0.26 0.20 0.22 0.19 0.41 .
18:4 w3 20.9 0.13 0.12 0.12 0.17 0.17 0.19 0.20 0.58** Linear
79.5 0.13 0.18 0N 0.14 0.13 0.34 0.19 034 -
68.0 0.13 0.07 0.11 0.09 0.15 0.13 0.10 0.18 -
18:3 w3 90.9 112 1.24 1.23 1.26 1.32 1.29 1.51 0.49* Linear
79.5 1.12 .h 1.31 1.33 1.32 1.29 1.34 0.72** Linear
68.0 .12 1.24 1.25 1.20 112 1.18 1.24 0.08 -
22:5 wé 90.9 0.02 trace guantities — —
79.5 - —
68.0 - -
22:4 wé 90.9 on 0.08 0.05 o 0.11 0.04 0.08 - -
79.5 0.11 0.09 0.07 0.10 0.06 0.07 — - -
68.0 0.11 0.05 0.13 0 on on 0.1 - -
20:4 w6 90.9 0.49 0.44 0.36 0.44 0.43 035 0.43 —0.26 -
79.5 0.49 0.43 0.44 0.42 0.41 0.38 0.44 —0.28 .
68.0 0.49 0.42 0.53 Q.19 0.45 0.51 0.34 —0.16 -
20:2 wé 90.9 - -
79.5 Not identified - -
68.0 - -
18:2 wé 90.9 18.99 19.80 19.58 19.33 19.90 19.20 20.72 0.04 -
79.5 18.99 17.28 21.56 20.43 20.39 19.32 19.26 Q.13 —
68.0 18.99 20.31 21.27 19.35 18.60 19.89 18.22 —0.36 -
* P <05 ** P 01

these data indicate that, where a correlation ex-
isted, the data relative to the incorporation of
the w3 fatty acids were linear.

EFFECT OF MENHADEN OIL
CONSUMPTION ON ORGANOLEPTIC
EVALUATION OF PIG TISSUE

This second part of the study was made to
determine (1) the organoleptic effect on the
meat of the pigs fed differént levels of menhaden
oil in their diet and (2) the retention or dis-
appearance of off-flavors by removal of men-
haden oil from the diet of the pigs when they
attained a body weight of 68.0, 79.5, or 90.9 kg.

TRIAL I: LEVEL OF MENHADEN OIL THAT
RESULTS IN A FISHY FLAVOR

As was just indicated, Trial I was conducted
to determine if menhaden oil fed at various
levels in the diet would cause off- (fishy) flavor
in pork. The levels used in the experiment
bracketed a 1.0¢/ level, which was reported by
Vestal, Shrewsbury, Jordon, and Milligan
(1945) to cause a fishy flavor.

Experimental Procedure

Reported here are the diets, management,
samples, and tests.

291



FISHERY BULLETIN: VOL. 69, NO. 2

TABLE 10.—Longissimus dorsi tissue: concentration of fatty acids found in longissimus dorsi tissue and correla-
tion to quantity of various fatty acids fed for various time intervals.

Concenfraﬁﬁn ofhfcny acid in lofnginir;]tu,(
Pig dorsi tissuo when the percentage of menhaden R Ki
th ; i ; . ind of
’;%J weight oil in the diet was: Eg:;?ilgteug: regress(i)on
group line
0 0.4 06 [ o8 | o [ 2 [ a4
Ke - e ~ — — — Area percent of fatty arid — — — __ __ __ __ __
22:6 w3 90.9 0.23 0.94 0.79 0.78 0.91 0.89 0.51 ~0.09
79.5 0.23 037 0.59 0.58 0.64 1.26 0.90 0.46 -
68.0 0.23 0.47 0.47 0.25 0.42 0.48 0.85 0.46 B
22:5 3 90.9 0.32 115 1.34 0.85 1.02 0.85 0.85 -
79.5 0.32 0.76 0.85 0.94 0.79 1.70 1.25 0.75%% L
68.0 0.32 1.05 0.59 0.47 0.78 0.57 1.14 0.25
20:5 3 90.9 0.19 1.61 1.68 1.09 1.23 1.24 1.31 0.01
79.5 0.19 0.47 0.98 0.58 0.52 1.88 1.47 0.43 -
68.0 0.19 0.30 0.69 0.51 0.63 0.44 0.77 0.59* Linear
20:4 3 90.9 0.53 2.42 2.87 0.92 0.91 0.89 0.87 —034 -
795 0.53 0.23 1.24 2.30 0.21 1.51 0.28 0.05 -
68.0 0.53 0.12 1.04 0.94 0.94 2.15 3.03 0.10 -
18:4 w3 90.9 0.04 0.08 0.09 0.03 - 0.07 0.10 a
79.5 0.04 0.05 - 024 - - - . -
68.0 0.04 0.04 - 0.10 0.16 0.16 - . -
18:3 «3 90.9 0.45 0.53 0.64 0.56 0.58 0.56 0.57 0.07
79.5 0.45 0.38 0.53 0.62 0.43 0.63 0.44 0.20 B
68.0 0.45 0.77 1.05 0.81 0.57 0.51 0.50 —0.23 =
22:5 wé 90.9 0.02 0.06 0.09 0.12 - - . —02
79.5 0.02 tr tr 0.18 tr ir . - -
68.0 0.02 tr tr 0.04 0.29 i tr - -
22:4 w6 90.9 0.34 0.41 0.84 0.37 _ 0.32 0.16 — 026
79.5 0.34 0.48 0.40 0.22 0.15 0.19 0.16 0.09 -
68.0 0.34 0.37 0.27 0.12 0.16 0.17 0.36 0.23 -
20:4 w6 90.9 2.42 2.85 2.13 2.35 1.92 1.65 132 —0.58* ;
79.5 2.42 2.04 3.00 1.62 1.52 3.55 2.64 o0 Linear
68.0 2.42 2.00 2.2 074 1.53 092 1.39 —0.44 =
202 w6 90.9 013 0.19 025 0.09 tr 0.05 tr -—0.46* ;
79.5 0.13 0.1 0.10 tr 0.05 tr tr —0.68%* t,‘:ﬁ:j
68.0 0.13 0.10 tr 0.05 0.1 fr 0.09 —0.21
18:2 wé 90.9 9.46 12.54 10.18 10.96 11.08 10.34 9.65 —025
79.5 9.46 10.56 13.39 9.45 11.44 17.35 13.84 0590 i
68.0 9.46 15.63 10.14 12.36 10.39 8.81 9.61 —039
*p <05 ** P 01

Table 1 shows how the diets used were for-
mulated, and Table 2 shows the gas-liquid-chro-
matographic analyses of the menhaden oil and
the diets fed. Management and allotment are

described in Table

11.

The right loin of each animal was collected,
and three slices, each 1.37 cm thick, were cut
proceeding posteriorly from the 10th rib. The
slices and the remaining portion of the loin were
held in frozen storage until used in the taste

tests to be described shortly.

The slices of loin were placed in uncovered
pans, one-half cup of water was added to each
pan, and the pans were held for 50 min in a
gas oven at 163.0° C. No seasoning was added
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TABLE 11.~.De;sign of Trial 1 to determine the level of
menhaden oil in the diet that will impart a fishy flavor
to the meat of pigs.

-—
Level of

menhaden oil Pigs aliotted

in the diet per treatment
% Number
0

04

0.6

08

1.0

12
14

WWwWwwwww

to. the samples. The remaining portions of the
loins, which were used in a home-consumer test
deseribed in the next section, were prepared
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using variable cooking times and temperatures.
Salt and pepper were the only condiments used.

Two tests were made: a panel test and a
home-consumer test. Twelve panel members
tested (once daily) a portion of the loin from
various animals in a triangular test pattern.
In addition to matching like samples, the panel
members indicated a score according to the nu-
merical standard: 1 (good) to 10 (inedible)
and made any additional subjective comments
that they felt would be helpful concerning the
samples. The remaining portions of the loins
were distributed randomly to staff members and
were accompanied with a form requesting a de-
seription of the method of cooking used, a state-
ment of the number of persons tasting, and a
subjective evaluation of the flavor.

Results and Discussion

Tables 12, 13, and 14 present the results of
Trial 1, which was conducted to establish the
level of fish oil in the diet that would induce
a fishy flavor in pork. The results, as presented

TABLE 12.—Panel test Trial I—organoleptic results ob-
tained with loins of pigs fed menhaden oil at various
levels in the diet.

. Detection of
Conr%eer:‘fl:gggg of Samples adverse quSOr
oil in diet tested off Fishy
% Number Number Number
1] 18 14 3
0.4 3 7 1
0.6 3 4 1
0.8 3 10 2
1.0 3 3 }
1.2 3 10 5
14 3 13 3

TABLE 13.—Panel test Trial I—organoleptic results
(selected data) obtained with loins of pigs fed men-
haden oil at various levels in the diet.

. i f
Conr‘;‘i'xgggg: of Sample cgsg‘s::ofTQSor
oil in diet tested ofF Fishy
% Number Number Number
0 n i 0 0
0.4 1 0
0.6 2 2 0
08 2 2 0
1.0 3 4 0
1.2 2 4 2
1.4 1 6 1

TABLE 14.—Home-consumer test Trial I—organoleptic
results obtained with loins of pigs fed menhaden oil at
various levels in the diet.

Concentration Detection of

menhaoden oil s?engLies Testers odverse flavor
in diet Off Fishy
% Number Number Number Number

0 14 48 1 1

0.4 ] 28 é 0

0.6 6 12 0 0

08 6 18 1 o

1.0 6 25 ! 0

1.2 5 9 2 2

1.4 3 22 7 7

in Table 13, are somewhat misleading, because
two facts need to be considered in interpreting
them. First, part way through the taste test,
the freezer in which the test samples were stored
malfunctioned. The samples of meat thawed
for 2 days and then refroze. Subsequently, a
number of panelists detected off-flavors in the
control sample as well as in the samples from
the pigs receiving the lower levels of fish oil.
Second, one panelist continuously detected off-
flavor and fishiness regardless of the dietary
treatment. In view of these two facts, Table 14
is included; here results are presented of tests
conducted before the freezer malfunctioned and
without the evaluations of the one panelist. The
organoleptic results (Table 14) indicate that an
off-flavor in pork could be detected when pigs
consumed menhaden oil at a level of 0.8¢: of
their diet and that a fishy flavor could be de-
tected when the pigs consumed menhaden oil
at a level of 1.2% of their diet and were fed
when they attained a weight of 40.5 kg until they
attained a market weight of 90.9 kg.

These results confirm a previous report by
Vestal et al. (1945), which established that a
level of 1.09¢ menhaden oil in the diet would
cause a fishy flavor.

The results of the home-consumer test agree
in general with those of the panel test that a
fishy flavor was detected when menhaden oil
was fed at a level of 1.29 in the diet. The one
indication of off-flavor and fishy flavor in the
control sample was found by the judge who had
consistently done so in the panel test. All
samples in the home-consumer test had been sub-
jected to the thawing and refreezing process.
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The fact that persons unaware of the feeding
regimen were less able to detect the off-flavor
may indicate that the members of the test panel
were overly critical in their evaluation. In
view of the subjectivity of organoleptic tests,
we felt that the aim of the trial was attained
and that a suitable gradient in the concentration
of fish oil in the diet was established for the
further study of fishy flavor.

TRIAL II: RELATION OF FLAVOR OF MEAT
TO BODY WEIGHT AT TIME MENHADEN
OIL WAS REMOVED FROM DIET

As in Trial I, in Trial II loin samples were
used in two organoleptic tests (panel and home-
consumer) to determine if any fishy taste was
imparted to animals fed the experimental diets.
Twelve panel members tested six loin samples
(longissimus dorsi and inner backfat) per day
during the test. The panelists were asked to
pick the control and to score each sample (lean
and fat) on a numerical scale of 1 (good) to 5
(inedible). In addition, the members of the
panel were asked to describe, subjectively, the
flavor of the samples. All panelists were aware
of the experimental design.

A home-consumer test was conducted in the
same way as in Trial 1.

The diets used were formulated and prepared
in a manner similar to that indicated in Table 1.
Table 2 shows the gas-liquid chromatographic
analyses of the oil and of the diets fed.

The samples were collected and prepared as
in Trial 1.

The results of both organoleptic tests (panel
and home-consumer, Tables 15 and 16) agree
with those obtained in Trial I. In the panel
tests, the results indicate that off-flavors were
detected at the 0.89: level of menhaden oil in
the diet and that a fishy flavor was detected at
the 1.0% level.

In the home-consumer tests, a fishy flavor was
not detected until the pigs were fed menhaden
oil at the 1.2% level in the diet.
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TABI:E 15.—Panel test Trial I1—organoleptic results
obtal'ned with longissimus dorsi and inner backfat tissue
of ﬁlg; fed various levels of menhaden oil in the diet
until the pigs attained a body weight of 5

650 kg ght of 90.9, 79.5, or

Concentration |Weight of pigs Detection of

o h il
menhaden oil gmeivnrezl fr\g?ns S?e?t‘zldes adverse flavor
__in diet diet Off Fishy
’;;; Kg Number Nu:n—l;; m;bn )
- 7 1] 1
0.4 90.9 3 1 1
79.5 2 0 2
68.0 2 0 o]
0.6 90.9 3 [} 0
79.5 3 0 0
68.0 1 0 0
0.8 90.9 3 [+ 0
79.5 2 0 1
68.0 2 1 2
1.0 90.0 3 [} 0
79.5 2 0 1
68.0 2 3 6
1.2 90.9 4 0 0
79.5 2 2 2
68.0 1 3 3
14 90.9 2 0 0
79.5 2 1 2
o 68.0 2 o} 0
! As was indicated in Trial I, one paneli?;ivev;;ecroﬂ;fffvlc;vorrrﬂu;vdrVfirs}\;

flavor in the controt sample and in samples i

ofAmenhaden oil in the diet. Because ﬁ\iis p;?\';ligl%:oiegn'hl; fow lgvgls
guish between the control and the test samples, he was re:laie'do distin-
"

FABLE 16.—Home-consumer test Trial IT—organoleptic
resul.ts obtam('zd with longissimus dorsi and inner back-
f?t .tlssue of pigs fed various dietary levels of menhaden
oil in the diet until the pigs attained a body weight of
90.9, 79.5, and 68.0 kg.

Concentration V‘.’eigh' of

of men- pigs when

Detection of
adverse flavor

Samples Number

: oil was
h?gec?ie?l Jomi"e?e,from tested 1esotfers T T
(;70 Kg Number Number Number Number
i 7 21 0 0
0.4 90.
04 ; 'S 0 0
68.0 ; 0 0
. 2 12 0 0
0.6 90.9
79.5 s : 0 o
68.0 p 0 0
0.8 90.9 3 8
0 0
79.5
68.0 2 ¢ 0 0
X 2 4 2 0
1.0 90.9 3 1
0 0
79.5 2 9 s 4
68.0 2 12 o 0
1.2 90.9 4 19
79.5 2 5 g 3
68.0 1 0
1.4 . ) ° °
. 0.9 2 4 2
79.5 2 3 3 g
68.0 2 8 0 0

/
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RELATION OF MENHADEN OIL
FATTY ACIDS DEPOSITED TO
ORGANOLEPTIC VALUES OBTAINED
WITH PIG TISSUES

This third part of the study was made to
determine if a relation exists between the degree
of off-flavor detection and the fatty acid depo-
sition pattern of the samples of pig tissue.

PROCEDURE

The details of management, patterns of fatty
acid deposition in the tissues, and organoleptic
tests were the same as those described earlier.

To establish the relation (if any) of the char-
acteristic polyunsaturated w3 fatty acids of men-
haden oil to the off-flavor of pig tissue, we first
had to establish a positive correlation (if any)
between the concentrations of these fatty acids
fed to the pigs to the concentrations of the fatty
acids deposited in the various pig tissues. Once
such a correlation (if it existed) was established,
then the transformational relation of the con-
centration of fatty acids fed and deposited to
the organoleptic evaluation could be undertaken.

Results of gas-liquid chromatographic anal-
yses of the diets fed (Table 2) indicate that,
in general, as the percentage of menhaden oil
in the diet increased, the percentage of linolenic
w3 family acids (18:3 w3, 18:4 w3, 20:4 w3,
22:5 w3, and 22:6 w3) characteristic of men-
haden oil increased proportionately in the diet.

To determine whether the concentrations of
these fatty acids in the diet are correlated with
the taste of the pig flesh, we had to develop
a weighted numerical score of organoleptic data.
We obtained the weighted score for each sample
tested by multiplying the number of testers times
the numerical values of their scores and sum-
ming to a total. For example, if five of the pan-
elists scored the sample 3 and if seven scored
the sample 4, the weighted score would he 5 X
3 =15 plus 7 X 4 = 28, or a total of 15 + 28
= 43. The weighted scores were used as the
Y axis, and the quantity of oil in kilograms or
in percent consumed by each pig was used as

the X axis in a subsequent correlation and poly-
nomial regression analysis.

Although four tissues were examined with
respect to the deposition of w3 fatty acid, only
two of these tissues (the inner backfat and the
longissimus dorsi) were evaluated organoleptic-
allv. This ecomparison was further limited in
view of the lack of correlation between the a-
mount in the diet of w3 fatty acids fed and the
concentration of these fatty acids deposited in
the longissimus dorsi (Tables 17, 18, and 19).
Consequently, the relation of the concentration
of the w3 family fatty acids deposited in the
inner backfat and the organoleptic score ob-
tained with this tissue was used for the com-
parison of the relation of the concentration of
the w3 family fatty acids to the organoleptic
score.

Because all six of the marine polyunsaturated
(w3) family fatty acids deposited in the inner
backfat tissue were positively correlated with

TaBLE 17—Pigs fed to 90,9 kg [correlation and poly-
nomial regression analyses of menhaden oil consumed
(X) to individual fatty acids deposited (Y) in longis-
simus dorsi tissue of pigs when oil was fed until the
pigs attained a body weight of 90.9 kg].

acid

Fatt Corre- Last degree of
cnj;d ’:;L%? sii??;%th Serrorg?c;r? Elynomiolgsigniﬁcant
deposited ficient ficient |regression Degree F value
22:6 u3 —0.09 —0.016 0.041 — 0.15
22:5 .3 - - - - -
22:5 w6 —0.22 —0.038 0.041 - 0.85
22:4 w6 —0.26 —0.052 0.048 - 1.19
20:5 «3 0.01 0.003 0.077 - 0.00
20:4 .3 —-0.34 —0.029 0.191 - 226
22:1 (?) L. - - - -
20:4 wé —0.58** —0.220 0.074 Linear 8.76**
20:3 —0.22 -0.022 0.024 — 0.84
211 w9 —0.32 - 0.029 0.021 - 1.96
20:2 w6 —0.46* —0.036 0.017 Linear 4.56*
20:2 w9 —0.34 —0.072 0.048 - 2.24
18:4 o3 - - — - -
20:1 w9 0.02 0.002 0.024 _— 0.0
18:3 @3 0.07 0.004 0.014 - 0.09
20:0 —0.00 —0.001 0.016 - 0.00
18:2 w6 —0.25 —0.210 0.194 — 1.15
19:0 0.29 0.047 0.03%9 . 1.50
18:1 w9 0.46* 1.130 0.527 Linear 4.59*
18:0 0.09 - - - -
16:2 —0.04 —0.002 0.013 - 0.02
17.0 —0.05 —0.009 0.045 - 0.04
16:1 w7 —0.09 ~0.035 0.099 - 0.13
160 —0.04 —0.054 0.300 - 0.03
15:1 - - - - -
15.0 —0.22 —0.026 0.027 - 0.89
14:1 —0.06 —0.009 0.038 - 0.06
14.0 -—0.20 —0.033 0.038 _— 074
* P <05 POl
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the concentration of menhaden oil in the diet
fed, the quantity of oil consumed (X) could be
compared with the organoleptic scores (Y) ob-
tained for the pigs in each weight group (68.0,
79.5, 90.9 kg).

RESULTS

Tables 20, 21, and 22 give the weighted or-
ganoleptic scores obtained from the panel or-
ganoleptic tests. (Larger numerical values in-
dicate an unacceptable product or a trend toward
an unacceptable product.)

Statistical analyses of these data indicate a
positive correlation between increased consump-
tion of oil and higher organoleptic scores for tis-
sues from pigs fed the oil until they attained
a body weight of 90.9 kg (Table 23). Removal
of the oil from the diet of the pigs at a body
weight of either 68.0 or 79.5 kg resulted in a

TABLE 18.—Pigs fed to a body weight of 79.5 kg [cor-
relation and polynomial regression analyses of menhaden
oil consumed (X) to individual fatty acids deposited
(Y) in longissimus dorsi tissue of pigs when oil was
fed until the pigs attained a body weight of 79.5 kgl.

—_—
Fatt Corre- Regres- Standard Lost degree of

acid fed lc?io{n siongcoef- error of polynomial “significant
amn caet- R .

deposited ficient ficient regression | pegree F value

22:6 w3 0.46 0.189 0.104 - 3.29

225 «3 0.75**  0.235 0.059 Linear 15.82%+
22:5 w6 - - - - -
22.4 w6 0.09 0012 0.039 _ 0.10
20:5 o3 0.43 0.170 0.103 - 273
20:4 3 0.05 0.036  0.224 - 0.03
22:1 (?) - . - - -
20:4 w6 0.10 0069 0209 - 0.1
20:3 0.27 0.028 0.029 - 0.91
21.1 o9 —-0.65%% —0039 0013 Linear 8.70*
20:2 w6 —0.68** —0.039 0.012 Linear 10.47%+
20:2 w9 ~039  —0.123 0.084 - 217
18:4 &3 - - - - -
20:1 &9 —045  —0092 0.053 — 3.05
18:3 «3 0.20 0020  0.027 - 0.51
20:0 —005  —0006 0029 - 0.04
18:2 wé 0.53* 1.216 0.557 Linear 4.77*
19.0 —002  —0.002 0.027 - 0.00
18:1 w9 —036  —1.085 0.815 - 1.77
18:0 —0.17  —0.172 0.290 - 0.35
16:2 0.11 0.014 0.037 . 0.14
17.0 —on —0017 0043 - 0.15
16:1 w7 —032  —0.10! 0.088 - 133
16:0 —0.58* —0.918 0.372 Linear 6.09*
15.1 - . - - -
15:0 ~004  —0006  0.046 - 0.02
141 0.32 0.038 0.032 - 1.35
14:0 —026  —0039 0.043 - 0.84
* P <05 **+ p <0l
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TABLE 19.—Pigs fed to a body weight of 68.0 kg [cor-
relation and polynomial regression on analyses of men-
haden oil consumed (X) to individual fatty acids de-
posited (Y) in longissimus dorsi tissue of pigs when
oil was f’ed until the pigs attained a body weight of
68.0 kg].

Fatt Corre- Last degree
ocré!ncf;d !cqoﬁe?? sizi?gf::f- Sefsgflaor’? po!ynomia!gsignicf){ccnf
deposited ficient ficient  Jregression Degree F valve

22:6 w3 0.46 0113 0.073 — 238
22:543 0.24 0.087 0.120 _— 0.53
22:5 w6 - - - -- -

22:4 wé 0.23 0.049 0.048 - 0.52
20:5 «3 0.59* 0.130 0.059 - 4.79
20:4 @3 0.10 0.201 0.680 — 0.09
221 (?) - - - — -

20:4 w6 —0.44 —0.363 0.247 _— 2.16
20:3 —0.20 —0.029 0.047 - 0.38
21:1 w9 0.38 0.039 0.032 - 1.50
20:2 wé —0.21 —0.012 0.019 — 0.41
20:2 w9 —0.43 —0.301 0.212 - 2.02
18:4 3 — - - —— -

20:1 w9 —0.42 —0.139 0.101 - 1.91
18:3 w3 —0.23 —0.056 0.078 -— 0.51
20:0 —0.27 —0.042 0.050 — 0.68

18:2 wé —0.39 —1.081 0.845 - 1.64

9.0 —0.24 —0.057 0.077 . 0.55

18:1 w9 0.44 1.392 0.944 - 217

18:0 0.40 0.556 0.422 — 1.73

16:2 —0.13 -0.036 0.094 — 0.14

17:0 —0.12 — 0.029 0.077 - 0.14

16:1 w7 0.08 0.080 0.313 . 0.06

:g(]) —0.16 —0.531 1.065 - 0.25

15.0 —0.03 —0.013 0.129 — 0.01

14:1 —0.08 —0.019 0.080 - 0.06

14:0 —0.11 —0.029 0.083 - 0.12
* P <05 ** P <01

TABLE 20.—Panel test Trial II—weighted organoleptic
scores obtained with inner backfat of pigs fed various
levels of menhaden oil in the diet until the pigs attained
a body weight of 90.9 kg.

Quantity of oil Weighted organoleptic

consumed (X'} score (¥)

K As % of dist
0 0 21
0.81 23
.83 0.4 21
91 27
1.26 22
1.29 0.6 22
1.36 25
1.77 31
1.86 0.8 26
2.07 32
2.00 30
215 1.0 34
235 35
255 29
274 1.2 36
274 28
2.82 —
3.20 1.4 37
3.25 32
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TABLE 21.—Panel test Trial II—weighted organoleptic
scores obtained with inner backfat of pigs fed various
levels of menhaden oil in the diet until the pigs attained
a body weight of 79.5 kg.

Quantity of oil Weighted organoleptic

consumed (X) score
K¢ As S of diet
0 0 21
0.55 0.4 25
64 27
94 0.6 20
.99 21
.99 18
1.30 08 20
1.34 20
1.36 1.0 35
1.48 23
1.77 1.2 34
2.1 1.4 32

TABLE 22.—Panel test Trial II—weighted organoleptic
scores obtained with inner backfat of pigs fed various
levels of menhaden oil in the diet until the pigs attained
a body weight of 68.0 kg.

Quantity of oil
consumed (X)

Weighted organoleptic
score (1)

K¢ As %% of dict

0 0 21
0.45 23
.54 04 20
72 0.6 21
.98 08 23
1.09 22
1.21 10 22
1.21 25
1.54 1.2 26
1.61 1.4 23
1.61 17

TaBLE 23.—Correlation and polynomial regression anal-
yses of quantity of menhaden oil consumed (X) to
weighted organoleptic score (Y) when the oil was fed
until the pigs attained a body weight of 90.9, 79.5, or
68.0 kg.

Last degree of

Oil fed | Correlation | Regression S;ggt;iu‘;? polynomial significant
to coefficient | coefficient regression m
K¢
90.9 0.82** 2.169 0.371 Linear 329.58*+
79.5 49 2375 - 1.325 — 3.21
68.0 .21 0.617 0.967 — 0.4

POl

loss of the significant positive correlation be-
tween the variables, although the correlation

coefficient obtained for the group weighing
79.5 kg approached significance.

These results of organoleptic tests are in
agreement with reports of Miller et al. (1967),
which indicate that w3 family fatty acicds, when
fed and subsequently deposited, are positively
correlated with organoleptic scores obtained
with broiler flesh. The results are in partial
agreement with the hypothesis of Banks and
Hilditch (1932), who suggested that the fatty
acids of the Czo-22 series are associated with an
off- (fishy) flavor. Both the results reported
here and those reported by Miller et al. (1967)
indicate that fatty acids of the w3 family con-
taining 18 to 22 carbon atoms are positively cor-
related with the incidence and degree of off-
flavor in pig or broiler flesh. These fatty acids
may be causal agents for the off-flavor, or they
may not be. In fact, they probably are the
precursors of the compound producing the off-
flavor,

In these experiments, the inclusion of the men-
haden oil in the diet of the pigs resulted in no
physiological abnormalities other than the pro-
duction of off-flavor and an alteration in the pat-
tern of fatty acids in the tissues. This result
was not unexpected, because previous work at
the National Marine Fisheries Service Techno-
logical Laboratory at College Park had indi-
cated that levels of menhaden oil in excess of
109 of the diet are necessary to produce the
physiological abnormalities of exudative diath-
esis and muscular dystrophy experimentally.
Adding various antioxidants (vitamin E, sele-
nium, and ethoxyquin) to the diet at compen-
satory levels prevented the development of these
abnormalities (exudative diathesis and muscu-
lar dystrophy) in chicks fed menhaden oil at
high concentrations (Miller, Leong, Knobl, and
Gruger, 1965).

METABOLIC INTERACTIONS OF
FATTY ACIDS OF THE OMEGA
FAMILY (w3, @6, ©9)

Mohrhauer and Holman (1963a), Rahm and

Holman (1964), Tinsley (1964), and Lowry and
Tinsley (1966) have demonstrated that feeding
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rats increasingly higher concentrations of lin-
olenic acid (18:3 w3) increases the concentration
of the fatty acids of the w3 family in the liver
and that the proportion of the fatty acids of
the oleic (18:1 «9) and linoleic (18:2 w6) fam-
ilies are concomitantly reduced. They hypothe-
size that this interaction is due to the compe-
tition for enzymes necessary for elongation and
desaturation within the individual families of
fatty acids.

Since our pig experiment included an in-
creasing quantity of 18:3 w3 in the diet, the
question arose as to whether this hypothesized
competitive interaction actually occurred.

Trial IT results were analyzed by correlation
analysis and polynomial regression analysis as
previously described. The quantity of men-
haden oil consumed constituted the X axis, and
the quantity of the 17:1 09 or 18:2 w6 family
fatty acid in question the Y axis.

FISHERY BULLETIN: VOL. 69, NO. 2

The w3 family fatty acids incorporated into
the diet of the pigs as menhaden oil and sub-
sequently ingested resulted in a significantly
depressed deposition of the quantity of certain
members of the w6 and w9 families of fatty
acids. The mechanism involved, according to
the accepted hypothesis, is that the parent fatty
acids of the various fatty acid families trigger
a highly competitive mechanism for the meta-
bolic enzymes of the systems of carbon-chain
elongation and dehydrogenation. Successful
competition for the enzymes depends upon an
affinity preference (w3, w6, and w9) and upon
the relative concentration of the various fatty
acids, or upon both affinity and concentration.
These results agree in part with the experi-
mental evidence (Mohrhauer and Holman,
1963a) whereby the feeding of increasing levels
of one of the parent acids or other members
of a family results in an accumulation of acids

TABLE 24.—Liver tissue—comparison of correlation coefficients and significant degree of polynomial regression
obtained by relating the quantity of menhaden oil consumed (X) until the pigs attained body weights of 90.9,
79.5, or 68.0 kg to the amount of individual fatty acids deposited in liver tissue (Y).

Fatty

Correlation coefficients
when oil is fed until

Last degree of polynomial significant when oil waos

fed until the pigs weighed:

id f 2 ©
o i the pigs weighed: 90.9 kg 79.5 kg 1 68.0 kg
deposited +
90.9 kg 79.5 kg 68.0 kg Degres F value Degree | F valye L Degree F value

22:6 «3 0.69** Q.70%* 0.45* Quadratic 7.78* Linear 11.52%* Linear 4.46*
22:5 w3 0.78%* 0.56* 0.59* Quadratic 5.94* Linear 5.49% - 4.68
22:5wb —0.27 —0.60* —0.83%* - 0.92 Linear 6.73* Lineor 19.30%*
22:4 wb —0.65** —0.63% —0.69* Cubic 58.73** Cubic 5.38* Linear 8,084
20:5 w3 0.89** 0.50 0.67* Quadratic 14.53** - 3.98 Linear 7.45%*
20:4 w3 —0.21 —~0.42 0.39 - 0.77 - 2.57 - 1.63
22:1 (?) —0.40 —023 0.23 - 3.30 — 0.48 — 0.49
20:4 wé —-0.70** —0.19 —0.74** Quadratic 6.62* - 0.46 Linear 10.79%*
20:3 —0.4 0.36 0.43 - 0.32 - 1.74 - 2.02
21:1 w9 —0.59** —0.40 —0.47 Linear 9.19%* - 226 - 2.56
20:2 wé —0.52* —0.34 0.13 Cubic 7.59* - 1.60 - 0.15
20:2 «9 -0.12 —0.48 0.52 - 0.26 - 3.61 — 3.42
18:4 w3 —0.00 —0.29 0.33 - 0.00 — 1.1 - 1.06
201 9 —0.22 —0.38 —028 _— 0.87 - 2.04 - 0.77
18:3 w3 0.26 -0.39 0.12 - 1.20 - 2.14 - 0.13
20:0 0.16 —0.22 0.07 — 0.47 — 0.61 -— 0.05
18:2 wé —0.33 0.16 —0.12 - 2.10 — 031 - 0.13
19:0 0.10 0.03 0.43 — 0.16 _— 0.01 - 2.02
18:1 w9 —~0.09 —0.49 —0.54 - 0.15 - 3.80 - 3.76
18:0 —0.06 0.33 —0.07 _— 0.06 _— 1.46 - 0.05
16:2 0.24 —0.30 047 — 1.08 N 1.20 - 2.53
17:0 0.13 0.02 0.47 - 031 - 0.00 - 2.48
16:1 7 0.02 —0.49 —0.12 _ 0.01 . 3.72 - 0.13
16:0 —0.26 - 0.42 -0.22 - 1.25 - 2.56 - 0.46
15:1 0.10 —0.13 0.45 - 0.17 —_— 0.22 - 2.25
15:0 —0.28 —0.27 0.75** - 1.44 - 0.94 Linear 11.76%*
143 —0.01 —0.27 0.55 - 0.00 _— 0.96 - 3.84
14.0 0.0 -—0.47 0.06 - 0.00 - 3.32 . 0.03

* P L.08 bl )|
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TABLE 25.—Inner backfat tissue——comparison of correlation coefficients and significant degree of polynomial re-
gression obtained by relating the quantity of menhaden oil consumed (X') until the pigs attained a body weight
or 68.0 kg to the amount of individual fatty acids deposited in inner backfat tissue (Y).

of 90.9, 79.5

’

. . Last degree of polynomial significon‘t':;/‘hen oil was
t A . A

Fatt Cx;’:{!“gﬁ"i:?zg'g:zls ed until the pigs weighed:

acfndEd the pigs weighed: 90.9 kg 79.5 kg 8.0 kg

d ited
eposite 909 kg 79.5 kg 68.0 kg Degree F valuve Degree l F value Degree F value
22:6 w3 0.76** 0.58* 0.49 Linear 23.54%* Linear 6.02* - 2.87
22:5 «3 0.77*%* —0.01 0.71** Linear 24 .94+ - 0.00 Linear 9.28*
22:5w6 - -- - -- -- -- -- -- -
22:4 w6 — — - —— - - - — o
20:5 w3 0.71%+ 0.55% 0.71%* Linear 17.64** Linear 5.31* Linear 9.33*
20:4 w3 0.72** 0.43 0.89%* Linear 18.15** - 270 Linear 35.514*
22:1 (?) - — — - - - - - —
20:4 w6 0.03 0.09 —0.60* - 0.02 — 0.10 Linear 4.99*
20:3 —0.02 0.1 0.13 . 0.01 — 0.15 _ 0.16
21:1 w9 — - - - — — - - —
20:2 wb - - - - - - - — -
20:2 w9 —0.28 —0.25 —0.32 - 1.43 - 0.77 — 1.06
18:4 «3 0.70** 0.15 0.54 Linear 16.65** - 0.26 . 377
20:1 w9 —0.48* —031 —0.32 Linear 5.19% - 1.25 - 0.99
18:3 o3 0.52* 0.17 0.52 Linear 6.46% - 0.36 - 3.30
20:0 —0.33 0.01 —0.07 — 201 - 0.00 - 0.05
18:2 wé 0.41 0.10 —0.01 - 3.49 - 0.1 . 0.00
19:0 - - - - - - - - -
18:1 w? —0.09 —037 —0.46 - 0.14 - 1.96 . 237
18:0 —0.21 —0.13 0.17 - 0.82 - 0.20 — 0.25
16:2 0.50* —0.03 0.50 Linear 5.96% - 0.01 - 2.96
17:0 0.49* 0.43 0.51 Linear 5.52% - 272 - 322
16:1 w7 0.31 —0.17 0.08 - 1.87 - 0.37 - 0.07
16:0 —0.24 037 0.21 - 1.06 - 1.94 — 0.40
15:1 —0.31 0.12 0.33 - 1.77 — 0.18 — .13
15:0 0.13 —0.25 0.19 o 0.28 - 0.79 —— 0.34
14:1 —0.18 0.27 0.35 - 0.60 - 0.91 . 1.23
14:.0 —0.24 0.19 0.46 - 1.03 _— 0.43 - 2.39

* P <05 P <01

derived from these acids and in a concomitant
decrease in the quantity of acids of the other
families.

In Trial II, we demonstrated the interrela-
tion of fatty acid families.

Specific evidence that the deposition of the w6
and »9 families are inhibited appears in Tables
24 to 27. As the quantity of the w3 fatty acids
fed and deposited increased, the quantity of the
20:2 w6, 21:1 w9, 20:4 w6, and 22:4 w6 fatty
acide found in the various tissues decreased
significantly. The linolenic (w3) family fatty
acids of the menhaden oil therefore inhibited
the conversion of oleic (18:1 w9) and linoleic
(18:2 w6) to the elongated and dehydrogenated
members of their respective families by prevent-
ing the addition of two carbons or the removal
of two hydrogens, or by preventing both the
addition of two carbons and the removal of two
hydrogens.

SUMMARY AND CONCLUSIONS

Pigs were fed diets containing fish oil in two
feeding trials to investigate (1) the organo-
leptic effect produced in pig tissue by feeding
pigs stabilized crude menhaden oil; (2) the pos-
sible retention or disappearance of off-flavor by
withdrawing the fish oil from the diet at given
times; (3) the nature of the fatty acid compo-
sition of the inner backfat tissues, the outer
backfat tissues, the liver tissues, and the longis-
simus dorst tissues; (4) the relation of compo-
sition to off-flavor (if an off-flavor is produced);
and (5) the hypothesized metabolic interactions
of fatty acid families.

An off-flavor and a fishy flavor were detected
in the meat of pigs fed diets containing about
147 of menhaden oil.

Gas-liquid chromatographic analyses of the
tissues indicated that up to 28 saturated and
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. i i fficients and significant degree of polynomial re-
— fat tissue—comparison of correlation coe 3 ] ) .
TABLE} 26;)bt(:;)i1:1t:é' g);c:-(elitinlg the quantity of menhaden oil consumed (X) until the pigs a'ttalned body weights
f;eggl;n 79.5, or 58.0 kg to the amount of individual fatty acids deposited in outer backfat tissue (Y).

Last degree of polynomiol'signifi.ccnf when oil was

F Correlation coefﬁcienf's fed until the pigs weighed:
att h il is fed unti

acid fed W,he; poilgslsweighed: 90.9 kg 79.5 kg 68.0 kg
an

deposited 909 ko 79.5 ko J 68.0 kg Degree F value Degree F value Degree F valve

- 74%% Linear 43.30** Linear 6.66* Linear T115%*
22:6 wg gg::: g'ggu 884” Linear 66.64%* Linear 30.88%* Linear 2],23%*
22:5 w 8 - ’ _— -— -— —
22:5 w6 - -- -- - - - _ . -
22:4 w6 - -~ oy . L Li 19.53%* Linear 11.12%*
T4re Linear 63.25 inear .
20:5 w3 0.89** 0.79** 0. ! . i 28.60%*
. Linear 23.48 Linear 8.60 — 1.82
20:4 &3 0.76%+ 0.84** 041 o . - - -
22:1 (7) - Dy "y - 125 _ 0.98 - 0.24
—o.1 - - -

20.4 w6 —02% —o28 o . 001 = 017 - 0.19
20:3 —0. —0. : . - - - -
2111 w9 - - - - - . - - -
20:2 6 - -- o - 257 - 2.84 - 1.43

! — —0.44 —037 - : -

20:2 w? ggg” 036 018 Linear 8.63** . 1.75 o 0.32
18:4 «3 0-54” o3 037 Linear 7.14% - 1.37 — 1.40
20:] w9 T oager 072 0.08 Linear 5.45% Linear 13.09% - 0.06
18:3 «3 Topee 0.73%% 0.35 Linear 8.32*+ Linear 13.62%% - 1.29
200 oo 0.13 —036 — 0.03 - 022 - 1.35
18:2 w g : : — . — -
19:0 - -= oy - - 3.42 . .46
18:1 w9 —024 —0.47 —022 - (')-g; 6 ‘2)56
18:0 —0.13 —0.03 0.47 o ) - 0'00 - !
15'2 044+ —o01 0.07 . 4.18 - . - 0.05
17.0 0.50* 0.06 0.24 Linear 5.66% == 0.04 -- 0.57
]6j’ 5 0:14 0.48 040 . 0.33 - 3.59 - 1.70
181 w o o4 010 - 3.00 - 0.23 — 0.09
151 0.26 —0.18 0.06 - 128 - 0.40 - 0.40
15.0 0.43 0.04 0.08 - 3.89 - 0.02 - 0.06
15 Pt 008 0.0 . 1.96 — 0.03 - 0.00
]4:0 0.18 025 _0.78** - 0.56 - 0.81 Linear 14.14*

* P <05 s P <Ot

. < - lcs i i 1 i i -
unsaturated fatty acids were present. Unsat On a practical feeding basis, fish oil with sim

urated fatty acids from four of the fatty ac.ld
families (w3, w6, w9, and w7) were found in
each of the tissues. o _
The quantity of the characteristic .fat.ty acids
(w3) of the fish oil fed correl.ated significantly
and positively with the quantity of tbese fatty
acids deposited in the inner backfat tissues ar}d
the outer ones and the liver tissues, but not in
gissimus dorst tissues. .
theSii;))in]Zwa, the quantity of these w3. fatty ac1.ds
fed correlated significantly and pos1.t1ve1y with
a weighted organoleptic score of the inner back-
fat tissues. Removal of these fatty acids from
the diet of the pigs at two differept body wglghts
—namely, 68.0 and 79.5 kg—prlor.to their be-
ing marketed at 90.9 kg re§u1ted in a loss of
significance by the correlat%on coefﬁqlents, al-
though the correlation coefficients obtained were
positive.
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ilar fatty acid composition consumption should
be limited to 0.8% of the diet if fed until pigs
are marketed. If the oil is withdrawn from the
diet prior to marketing, higher levels ean be fed.
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